In an earlier paper' I have reported findings concerning the male reproductive cycle in a population of Andean sparrows, Zonotrichia capensis, at equatorial latitudes. It was shown that each male has a double cycle in the course of a year so that there are two periods of breeding capability, the length of each averaging about four months. Thus any one bird is at reproductive capacity eight months out of the year and, because the cycles of individuals are not necessarily synchronized in the population, males in breeding state are available at all times.
In the analysis of cyclic breeding activity in birds it is most important to draw a sharp distinction between the culminative phase2 of breeding, namely the actual involvement in nesting and production of fertile eggs, and the phase of male reproductive potentiality, which potentiality may or may not be exercised. The environmental stimuli involved in timing the attainment of a functional testis and of the culminative phase can be distinctly different. Moreover the culminative phase is controlled in large degree by the female,3 which does not have the rather prolonged recrudescent period of the gonad which is requisite in the male. In the Andean sparrow, to judge from histologic evidence in the ovary, in which there are ova 1 to 11/2 mm in diameter at all times, the female would appear always to be able to enter the culminative phase and thus to nest and lay eggs within a week or ten days. Individual adult females do undergo long periods when they do not nest, even though they seem capable of doing so and are associated in pair bond with a male that is at breeding level and which is singing and courting. It is not known whether or not these non-nesting periods of the females result from some aspect of the innate cycle of the adenohypophysis-a situation strongly suspected as paralleling that in the male-or from the lack of appropriate environmental stimuli for the induction of nesting and ovulation. It is most probable that there is an interplay of the two.
The data here reported on the seasonal occurrence of nesting in equatorial Andean sparrows are, then, to be viewed as an expression primarily of the culminative phase of the female cycle. The environmental correlates that are drawn to notice may provide stimuli that in part control this seasonality.
Methods.-The population of Andean sparrows investigated consisted of freeliving, individually marked birds that were repeatedly observed and retrapped over a period of one year, as already described.' Because the timing of events in a nesting history had been well worked out, from the date of laying through the development of the young and the loss of their juvenal plumage in the postjuvenal molt,4 observations of a variety of kinds could be used to permit extrapolation of the time of deposition of the normal two-egg clutch. The chronology of events thus derived permitted utilization of data gained from observations of nestings, handling of trapped females that had brood patches, observation and measurement of dependent and independent young, and collection and preservation of sample VOL. 48, 1962 ZOOLOGY: A. H. MILLER 397 specimens from areas adjacent to the study plot. In this way the dates for 161 different layings at or near our station were determined. The accuracy of the datings ranged from complete precision to those with a possible error of 20 days. There were few of the latter and most dates could be fixed within limits of 5 to 10 days. Accordingly, all estimates were grouped by 10-day periods. Avoidance of duplications of records was assisted by the fact that the birds are territorial, and evidence gathered from a pair in one territory could confidently be expected not to represent a nesting in any other territory. Furthermore, since we saw only one instance in the whole year where parents succeeded in raising more than a single young from a given nest, we assumed with fair confidence that each record of an independent juvenile, properly marked for individual identification, represented a separate nesting. When combined observational evidence was at all equivocal on the question of duplication, the records were evaluated as pertaining to but one nesting.
Results.-The distribution of the 161 nestings is summarized in Figure 1 . Here it is clearly seen that nestings occur throughout the year. There were very few records for August, partly owing to our absence from the station for 23 days at that time, but the data subsequently obtained from juveniles show that layings did occur then even though these must be infrequent in this month and in September. The plotting of the records shows a distinct bimodality in which the peaks are approximately five times the levels of the low points. The two peaks center in mid-January and mid-June and thus are not symmetrically placed, the intervals between successive highs being five and seven months.
Correlations of the peaks with environmental factors were sought without success in most instances. As Figure 1 shows, the weak seasonal photoperiodism at this locality amounts to only 12 minutes' difference in day length on either side of the equinoxes. One breeding peak falls soon after the period of shortest days, whereas the other is coincident with the longest days. Also spot checks were made of maximum light intensities5 at the solstices and equinoxes and no pattern of seasonal differentiation emerged with which nesting could be associated Seasonal minimum and maximum daily temperatures are also shown by monthly averages in Figure 1 . The minimum levels are essentially constant around the year. The maxima show some fluctuation but it is to be seen that one of the breeding peaks corresponds with values near the low part of the curve, the other with the yearly high point in temperature. It should be emphasized, however, that even the daily maxima show little differentiation from season to season, the lowest monthly value in December being only 5.40 F below that for June.
Rainfall, although irregular from one 10-day period to the next, tends to concentrate in two wet periods (see Fig. 1 ), October to December and March to May. The intervening dry periods are of unequal length and over-all intensity. Because of nightly fog cover, neither of these periods of reduced rainfall is conspicuously dry, but the longer period, from June to September, has many days in which the grass of the pastures in which the sparrows forage becomes free of drops of water above the ground level for a number of hours; the grass itself is always green. Conspicuous in the year in which we recorded the rainfall was the sudden cessation of almost daily rain at the end of December and the end of May. The periods of abundant nesting occur, then, associated with the latter part of each wet period and the first part of the succeeding dry period. The five-and seven-month spacing of the peaks is paralleled by a like spacing of the wet periods and of the cessation of heavy rains. It is to be stressed, however, that nesting does not increase coincident with, or even soon after, augmentation of rainfall. The lag is a matter of some two months.
Discussion.-Rainfall as a direct stimulus to the culminative phase of breeding has been demonstrated in some desert and equatorial species of birds.2 6 The response may be very rapid6 with egg-laying following in 11 days in Ashbyia lovensis, an Australian desert chat, the birds presumably having been in a state of physiologic readiness prior to the onset of the rain in this case. The situation in Zonotrichia capensis is clearly not the same in view of the two-month lag in culmination following the onset of frequent rains. It cannot be argued that such a lag is necessary to allow the males to go through preparatory and recrudescent phases and attain breeding potential, for there is substantial evidence that males at full potential are available in numbers when nestings are few. For example, in the period of infrequent nesting in March and April we have records of males that were at breeding potential additional to those involved in the occasional nestings recorded. There were four of these in March and three in April. In the latter month all three were birds whose mates and territories were under close surveillance and we could be confident did not engage in any nestings in that period.
One could postulate a stimulus to nesting arising from the condition of the grassland as a consequence of a month and a half of augmented rain. The sod becomes more water laden and there might be more grass seeds set and possibly more insect food available. Although these food sources were not measured at our field station, the subjective impression gained was that they were always present in abundance., If these foods -were more prevalent at certain times, the differences were subtle and would be provable only by institution of elaborate sampling techniques.
A more probable influential stimulus is the daily drying out of the grass in the dry seasons. At such time the foraging sparrows are confronted with hot, somewhat harsher, even though green, vegetation masses. They are then also exposed more to direct warm sunlight. One or more stimuli arising from these situations could prove to influence negatively or positively some aspect of the reproductive cycle and thus indirectly the positioning of the nesting peaks.
In the analysis of the molt cycle of Zonotrichia capensis made earlier,4 it was shown that the physiologically taxing process of molt has two seasonal peaks in the population, the peaks being more pronounced than those for nesting. The onset of each major period of molt occurs conspicuously three or four weeks following the cessation of daily rains at the end of December and the end of May. This apparent triggering of the molt thus seems most likely stimulated by the changes in the wetness of the grass and the clearer skies and sun exposure. It was also shown that molt is partly, but only partly, antagonistic to breeding. The fact that nestings decrease some two months after the cessation of rain whereas molt starts in a month or less after this event, coupled with the aforementioned partial antagonism and the asymmetrical five-and seven-month occurrence of all three events, strongly suggests some system of causal relations.
The most likely mechanism is then as follows: the dry-out and augmented sun exposure stimulate at successive intervals of five and seven months the onset of molt through psychologic and physiologic reactions, presumably leading to changes in endocrine levels and balances. Once molt is started, especially in females, nesting activity is blocked in a considerable number of individuals. A period of infrequent nesting ensues in the population. The subsequent resumption of nesting in quantity is largely the result of the innate cyclic tendency of the adenohypophysial mechanism and the termination of molt. The culminative phase then resumes in most individuals more or less automatically well after the start of a new rainy season and essentially independently of the exact point of onset of the rain. The real seasonal timer of the set of interrelated cycles of molt and culmination is then the cessation of rains and the immediately consequent environmental effects. There does remain the possibility, however, that there is some direct effect of the dry-out on nesting activity itself rather than through the mediating influence of molt, but this relation is somewhat difficult to conceive in view of the normal persistence of egg-laying at high level far into each dry period.
Summary.-The continuous nesting of the Andean sparrow, Zonotrichia capensis, at the equator shows two peaks in frequency in the course of the year. The peaks are spaced at five-and seven-month intervals. The culminative phase of the breeding cycle, namely the production of fertile eggs, is more under the influence of environmental events than is the male cycle of reproductive potentiality and quiescence, which is largely innate. The asymmetrical spacing of the peaks of nesting within the year correlates with similar spacing of the wet and dry periods and especially with the two points each year when almost daily rains cease. No other environmental stimuli were found which correlate in a similar suggestive way.
The most likely postulated mechanism for control of the nesting peaks involves the stimulus of the dry-out and sun exposure of the dry season to the onset of molt. The molt in turn reduces nesting because of a partial antagonism of this process and the culminative phase of breeding. Resumption of nesting at high frequency follows innate recovery processes of the adenohypophysis-gonad mechanism and thus falls well within the rainy period subsequent to each dry period. * This investigation was supported through a Guggenheim Fellowship and sabbatical privileges of the University of California, with assistance from the Universidad del Valle, Cali, Colombia, and especially from Professor F. Carlos Lehmann V. of the faculty of that institution. Grateful acknowledgment is made to these institutions and parties. I Miller, A. H., these PROCEEDINGS, 45, 1095 -1100 (1959 .
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3Davis, J., and B. S. DAVIS, Condor, 56, 328-345 (1954 It has been proposed1 that genetic information is carried from DNA to ribosomes, the site of protein synthesis, by "messenger" molecules. The messenger is presumed to be a polyribonucleotide having a molecular weight of several hundred thousand, a base sequence complementary to that of the DNA segment from which it originated, and a high rate of metabolic turnover.
The RNA synthesized in phage T2-infected E. coli very closely resembles the hypothetical messenger-RNA in many of its properties. Volkin and Astrachan reported that this phage-induced RNA was similar in base composition to T2 DNA2 and metabolically unstable.3 Subsequently, T2-specific RNA was shown to be associated with ribosomes" 5 and to have an average molecular weight of approximately 1.5 X 105 (ref. 4) . Finally, this RNA was found to form specific complexes with heat-denatured T2-DNA, indicating a complementary sequence relationship.6
All investigations of messenger-RNA previously reported have been carried out with specific radioactive labeling, to permit the detection and study of messenger-RNA in the presence of large amounts of metabolically less active RNA. Some enrichment of T2 specific RNA has been obtained by zone electrophoresis and centrifugation, but purification was incomplete.4
In this paper, we report a chromatographic method for the isolation of T4-specific RNA, based upon RNA-DNA hybrid formation. Further, the method per-
